1. Background {#s0005}
=============

Knowledge translation (KT) concerns the application of the best available evidence to benefit health and well-being. This is a substantive process that involves a range of stakeholders who interact within the healthcare system ([@b0390], [@b0275], [@b0210]). Evidence-based dentistry (EBD), on the other hand, is the process of combining the best available scientific evidence and the clinical expertise of dentists with patient needs and preferences in order to serve as the foundation for clinical care ([@b0325], [@b0225]). It has been claimed that even busy dentists can easily implement EBD with the use of technology and electronic EBD resources ([@b0165], [@b0405]). EBD is particularly important in treatment planning, which is the process in which critical decisions toward patient care take place.

Evidence-based treatment planning in dentistry is meant to help clinicians provide the most contemporary treatment justified by the stronger reasoning following from a thorough review of alternative treatments, diagnostic information, patient desires and evidence-based outcome data ([@b0055], [@b0015], [@b0085], [@b0405], [@b0265], [@b0465]). Unfortunately, implementation of an evidence-based practice (EBP) by dentists is very limited due to its complexity. Therefore, this paper is intended to familiarize dental students and clinicians with KT and EBD concepts in order to promote their adoption on a daily-basis.

2. Knowledge translation {#s0010}
========================

2.1. The Canadian Institutes of Health Research {#s0015}
-----------------------------------------------

In Canada, the main federal agency accountable for supporting financially health research is the Canadian Institutes of Health Research (CIHR). Part of its mandates is to excel in the establishment of novel health information and to translate that knowledge from the research setting into practice ([@b0445]).

The first reason policy makers sought the need to include the process of KT to CIHR principles is that when innovative knowledge is generated, it is not necessarily likely to become widely adopted or make an impact on the health sector ([@b0445]). In fact, only 14% of new research enters day-to-day healthcare practice ([@b0460]) and the implementation process may take between 17 ([@b0070]) and 20 years ([@b0215]). Another reason to pay attention to KT is that recently the emphasis on research governance and accountability from the government and the public has grown ([@b0445]). According to Statistics Canada ([@b0185]), roughly \$700 million was spent on high-quality health research between 1988 and 2005 by CIHR. For example, despite billions of dollars spent on health research in North America, its healthcare systems often fail to implement cost-effective services ([@b0200]). In fact, for every \$1 spent on new discoveries, about \$0.01 is spent on disseminating information ([@b0155]). Moreover, the government and the public are eager to see the expected positive outcomes from taxpayers' money used in health research within real-world applications.

2.2. Knowledge translation definition {#s0020}
-------------------------------------

The concepts of KT, knowledge exchange, research utilization, implementation, diffusion, and dissemination are frequently confused and misunderstood ([@b0175]). KT is specifically about turning knowledge into action and encompasses the processes of both knowledge creation and knowledge application ([@b0175]). The most well-known definition of KT was given by CIHR ([@b0445]) in 2000:"*"Knowledge translation is the exchange, synthesis and ethically-sound application of knowledge---within a complex system of interactions among researchers and users---to accelerate the capture of the benefits of research for Canadians through improved health, more effective services and products, and a strengthened health care system."*"

Nonetheless, while Dr. Ian Graham was vice president of KT for CIHR, he slightly modified the definition in order to better elucidate KT's essential components ([@b0445]). This version reads as follows:"*"Knowledge translation is a dynamic and iterative process that includes the synthesis, dissemination, exchange and ethically-sound application of knowledge to improve the health of Canadians, provide more effective health services and products and strengthen the healthcare system."*"

By promoting the value of "synthesis and the ethically sound application of knowledge" in the definition, it also suggests that particular attention should be given to the knowledge that needs to be translated including the audience to which it is directed, acknowledging all the ways that the knowledge could be applied. Therefore, researchers are highly encouraged by CIHR to translate their findings with a consideration of both their message and its appropriate audience ([@b0200], [@b0230], [@b0020]).

2.3. Knowledge to action {#s0025}
------------------------

Knowledge to action is an organic process with defined steps as explained in [Fig. 1](#f0005){ref-type="fig"} ([@b0175]). In order to decrease the gap between what we know and what we do, research findings need to be translated from knowledge to action, but in a judicious manner ([@b0180]). At the center, the "knowledge creation funnel" suggests that knowledge first needs to be refined in order to be ready for application. The model stresses the importance of synthesis using quantitative or qualitative methods to contextualize and integrate the findings of a single study within a larger body of literature. In addition, synthesis is essential to develop knowledge tools, to determine best practice and to establish an evidence-based foundation for proper KT. The types of studies included in a synthesis should be reported in order to establish the credibility and generalizability of the evidence foundation from which the knowledge is intended to be transferred ([Fig. 1](#f0005){ref-type="fig"}). The ensuring steps in the action cycle are found to be surrounding the "knowledge creation funnel." These steps are derived from planned action theories ([@b0185]). However, classical implementation theories have been excluded because they are passive and are primarily used to retrospectively understand change ([@b0445], [@b0175]).Figure 1Knowledge in Action model (adapted from [@b0175]).

2.4. Need for knowledge translation {#s0030}
-----------------------------------

Some of the reasons for the importance of KT development are as follows:--About one-third (30--45%) of patients are not treated with interventions of proven effectiveness ([@b0205]).--About one-fourth (20--25%) of patients receive unnecessary or risky interventions ([@b0200], [@b0400]).--As many as three-quarters of patients do not receive the proper information for decision-making ([@b0420]).--As many as half of clinicians do not use the evidence required for decision-making ([@b0400], [@b0300]).

In general, patients and clinicians fail to benefit optimally from scientific and medical advances ([@b0200]).

2.5. Ways to do knowledge translation {#s0035}
-------------------------------------

### 2.5.1. Knowledge creation {#s0040}

There are three main ways of generating knowledge ([@b0200], [@b0175], [@b0230], [@b0420]):1.To derive knowledge from primary studies (e.g. randomized controlled trials).2.To synthesize primary studies in order to structure secondary knowledge (e.g. systematic reviews).3.To generate third-generation knowledge which is based on best available evidence distilled from secondary knowledge (e.g. practice guidelines, decision aids).

### 2.5.2. Knowledge application {#s0045}

There are at least seven ways of applying knowledge ([@b0200], [@b0175], [@b0230], [@b0420]):1.After identifying the problem, to identify, review and select the knowledge.2.To adapt more general knowledge to a local context.3.To assess barriers and facilitators to knowledge application.4.To select, tailor and implement interventions that tackle barriers to knowledge utilization.5.To monitor knowledge application.6.To evaluate outcomes of knowledge utilization.7.To develop mechanisms to maintain knowledge application.

3. Evidence-based medicine and dentistry {#s0050}
========================================

3.1. Evidence-based medicine {#s0055}
----------------------------

It was not until 1981 that guidelines for critically appraising the evidence that informs clinical practices first appeared ([@b0005]), and it was only in 1991 that the term "evidence-based medicine" made its debut within the medical literature ([@b0130]). Over the last two decades, evidence-based medicine (EBM) has not only become an accepted approach within medicine worldwide but also the standard of medical care ([@b0145], [@b0350], [@b0455]). EBM has rapidly created a vigorous intellectual community devoted to making clinical practice more scientific and empirically grounded and thereby providing safer, more consistent, and more cost-effective health care ([@b0195]).

EBM is defined as ([@b0375]):"*"the conscientious, explicit, and judicious use of current best evidence in making decisions about the care of individual patients \[...\] integrating individual clinical expertise with the best available external clinical evidence from systematic research \[...\] and compassionate use of individual patients\' predicaments, rights, and preferences in making clinical decisions about their care."*"

Individual clinical expertise refers to the proficiency and judgment that clinicians obtain through clinical experience and practice. A consideration of the patient's needs and preferences as well as the use of the current best evidence is also integral component of the practice of EBM.

### 3.1.1. Evidence-based Medicine objective {#s0060}

The objective of EBM was to strengthen the scientific basis of medicine and to diminish uncertainties during decision-making ([@b0375], [@b0370]). Therefore, EBM applies the results of the best research to advance decision-making in order to smoothen the path toward the best treatments possible ([@b0450]).

### 3.1.2. Hierarchy of evidence {#s0065}

The hierarchy of evidence in EBM could be explained as a pyramid that shows the best possible medical evidence at the top ([Fig. 2](#f0010){ref-type="fig"}). As one climbs the pyramid from bottom to top, the quality of evidence improves. The higher a particular treatment is within the hierarchy, the more likely it is to actually be effective. Filtered information is contained within the top three blocks, whereas unfiltered information is contained within the next three blocks below critically-appraised individual articles.Figure 2Hierarchy of research designs in evidence-based medicine (SR, Systematic reviews; MA, Meta-analysis).

3.2. Evidence-based dentistry {#s0070}
-----------------------------

As in medicine, dentistry has also adopted the concept of EBP. The first article to use the term "evidence-based dentistry" was published in 1991 ([@b0360]).

The American Dental Association has a comprehensive definition for EBD ([@b0470]):"*"EBD is an approach to oral health care that requires the judicious integration of systematic assessments of clinically relevant scientific evidence, relating to the patient's oral and medical condition and history, with the dentist's clinical expertise and the patient's treatment needs and preferences."*"

EBD can also be briefly defined as ([@b0325], [@b0225]):"*"the integration of science, clinician experience, and patient values serving as the foundation for clinical care."*"

The definition of EBD has three main components ([Fig. 3](#f0015){ref-type="fig"}) ([@b0375]):•The best current evidence.•The clinician's expertise.•The patient's values and preferences.Figure 3EBD components.

### 3.2.1. Evidence-based dentistry significance {#s0075}

EBD is helpful in many ways and is rapidly emerging to become an integral part of patient care, dental education, and dental research. For example, dentists who make evidence-based decisions instead of personal ideas and judgments, experience a significant improvement in their clinical skills and expertise ([@b0085], [@b0350], [@b0355], [@b0455], [@b0060]). EBD has not only gained great popularity but also is considered a need in the everyday clinical care of dental patients ([@b0455], [@b0060]). This type of education facilitates the dentists' understanding of basic and applied sciences while also increasing their knowledge on how to treat complex cases ([@b0305]). Importantly, applying EBD serves to decrease the existing gap between the clinical research and daily dental practice ([@b0425], [@b0065], [@b0080]). EBD also creates a large number of new fields for dental research, although these opportunities are in need of extensive evaluation. Hard work on the part of researchers is still required in order to achieve the aims of EBD ([@b0355]).

Although EBD is a well-established concept, recently there has been a new focus on assessing research quality levels within EBD ([@b0285]). Therefore, dentists would also need to appraise the validity of the available evidence in order to evaluate advantages and disadvantages of potential treatment modalities ([@b0305]). Dentists could thus consequently improve the quality and results of treatment and may further increase patient trust in dental care. This last point holds more and more importance as dental patients may present situations addressed with diverse treatment plans that differed between current and former dentists ([@b0055]).

### 3.2.2. The five-step approach in practicing evidence-based dentistry {#s0080}

EBP is about using the current evidence to solve clinical questions ([@b0135]). Dentists must follow the following five steps in clinical decision-making ([@b0320], [@b0430], [@b0435], [@b0075]):(1)Recognize a need for information and formulate an answerable question. For clearness, clinical questions are normally framed in terms of the problem (P), intervention or exposure (I), comparison (C), outcome (O) and time (T).(2)Use electronic databases to find best available evidence, looking particularly for systematic reviews, meta-analyses, and double-blind randomized control trials (RCTs).(3)Critically appraise the evidence for validity, reliability, risk of bias, relevance, usefulness and importance ([@b0090], [@b0095], [@b0100]).(4)Integrate the appraisal within the scope of the clinician's expertise and the patient's perceived needs in order to apply these results to clinical practice.(5)Evaluate the overall results and of those of the EBD process.

This EBD process may be summarized as follows: ask, acquire, appraise, apply, and evaluate. This approach eliminates the more subjective judgments common to more traditional models of care based primarily or only on the dentist's accumulated knowledge and experience, adherence to accepted standards, and the opinion of experts and colleagues ([@b0010]).

4. Types of studies {#s0085}
===================

4.1. Primary research {#s0090}
---------------------

The perspectives and outcome designs of clinical trials are quite varied. In terms of perspectives, clinical trials can be prospective, cross-sectional, or retrospective. In terms of the outcome designs, clinical trials can be Randomized Control Trails (RCTs), cohort studies or case-control studies ([@b0075]).

4.2. Secondary research {#s0095}
-----------------------

Secondary research uses the existing data and findings of scientific publications. Some of these studies use aggregation techniques (e.g. meta-analyses) in order to allow meaningful combinations of clinical data from trials with similar designs but with fewer rigor. Appraisal studies are attempts to answer clinical questions by assessing the entire evidence base without bias ([@b0075]).

### 4.2.1. Systematic review {#s0100}

Systematic reviews are a form of secondary research that attempts to remove the bias frequently found in narrative reviews ([@b0025]). Systematic reviews summarize and synthesize the available evidence related to diagnosis, therapy, prognosis, and harm for clinicians and decision makers. Such reviews represent one of the most powerful tools to translate knowledge into action ([@b0105], [@b0170], [@b0035]). Systematic reviews are considered the base and best resource of EBD since they synthesize the best evidence and provide the basis for clinical practice guidelines ([@b0425], [@b0245]). It is vital to periodically update systematic reviews in order to include new studies and enable prospective and accurate comparison of treatment outcomes.

#### 4.2.1.1. Strengths and weakness of different types of systematic reviews {#s0105}

A majority of Cochrane reviews in dentistry presently conclude with a "lack of sufficient evidence" to recommend one treatment versus another derived from rigorous inclusion criteria and the scarcity of RCTs ([@b0085]).

Systematic reviews and meta-analyses of observational studies (OS), RCTs or combining both study designs (RCTs and OS) are widely accepted in dentistry as well as prosthodontics. Such reviews are better balanced to scrutinize more data in order to answer a given clinical question, in comparison with systematic reviews of only RCTs where data are limited ([@b9000], [@b0085]). It is imperative to note that the risk of bias is high in systematic reviews of OS compared with systematic reviews of only RCTs.

### 4.2.2. Critical appraisal {#s0110}

The critical appraisal of systematic reviews involves assessing the risk of bias, results, and applicability of such studies ([@b0105]). The credibility of systematic reviews depends on whether or not the authors addressed a sensible clinical question, included an exhaustive literature research section, demonstrated reproducibility of the selection and assessment of the studies, and presented the results in an useful manner ([@b0075], [@b0315]). Varying intensities of appraisals to assess the entire evidence base exist such as Cochrane Collaboration, ADA-EBD Library, UTHSCSA CATs and Evidence-Based Dentistry by nature ([@b0040], [@b0050]). Unfortunately, only a fraction of the available evidence is often presented in a usable form, and few clinicians are aware that such usable shared decision aids exist ([@b0195], [@b0315], [@b0045]).

### 4.2.3. Optimized online knowledge transfer systems {#s0115}

It has been proposed that rapid access to evidence-based knowledge may help dental clinicians, mentors, researchers, and students to implement effectively evidence-based practice ([@b0045]).

At this moment, there are a few free online sites such as <http://ebhnow.com/> which intend to translate the evidence to the clinic in a more rapid and efficient way. This site contains Crown or Fill (CoF) at <http://crownorfill.com/> and provides evidence-based literature for restoring posterior single-unit teeth by answering to two host-dependent risk factors: (1) is there a root canal treatment? and, (2) how many remaining dentin walls are there?

Implant or Bridge (IoB) at <http://ebhnow.com/apps/0020/index.php> provides instant access to the literature on the side effects of drugs on bone, osseointegration, and dental implants. The last site, Drugs and Bones (D&B) can be found at <http://ebhnow.com/apps/0040/index.php> and provides the evidence-based literature on treatment outcomes for the restoration of single missing teeth as a function of preexisting conditions (abutments vitality, site of the missing tooth, need or not for bone grafting for the edentulous area).

5. Barriers to evidence-based decisions {#s0120}
=======================================

It is believed that less than ten percent of dental care is based on validated dental research ([@b0250], [@b0255], [@b0260]). Major barriers for evidence-based decisions for dentists are that the search for high-quality evidence can be a complicated, overwhelming and time-consuming task ([@b0415], [@b0125], [@b0045]). One of the reasons for the complexity of the search is that of the significant increase in the number of published articles and the vast amount of resources available to clinicians since the advent of the internet ([@b0410], [@b0280]). For example, the publication rate of articles in the biomedical research field is approximately 5000 per day ([@b0125]). Another reason for search complication is the need to critically assess the quality of any study, and to analyze the results of single studies unless they are already integrated within a larger body of literature ([@b0125], [@b0030]). Clinical decisions should not be based on the results of individual studies but the totality of the best evidence ([@b0315]). Also, when multiple studies suggest contradictory results or interventions, this complicates the search even more ([@b0415], [@b0440]). No matter how scrupulous the dentist may be, the existence of publication bias increases the complications of the search process ([@b0125], [@b0235]). Other barriers include the lack of clinical practice guidelines ([@b0250], [@b0255], [@b0260]), as the few that are available seem to have a limited effect on routine procedures ([@b0295]) in spite of representing highly processed evidence with associated recommendations to inform clinical practice and improve patient care ([@b0110]).

Another common barrier for dentists is the high degree of complexity in shifting from the present practice model to one of EBP. Dentists often resist such a change and criticize EBD because they find it infeasible and lack trust in evidence or research. Moreover, dentists do not always have open access to the necessary sources for research, and some dentists may prefer to sacrifice their own financial incentives ([@b0250], [@b0255], [@b0260], [@b0440], [@b0115], [@b0335], [@b0340]). Furthermore, when dentists are provided with solid information, they can take up to 15 years to considerably modify their practice ([@b0340], [@b0345], [@b0140]). Lack of training, support, and specific knowledge about the methodology in dental educators is another common and important barrier ([@b0455]), since dental education should provide graduates with tools to constantly adapt to evolving advances in dental research ([@b0060], [@b0345]). Patients may also provide impediments to the spread of EBD based on personal desires or limited insurance benefits ([@b0250], [@b0255], [@b0260]).

Some of the methods for effectively promoting behavior change in dentists are to train them on the five step process ([@b0280]). Many of the above-mentioned barriers and complications can be addressed using systematic reviews, since this type of study adheres to reproducible methods and recommended guidelines for quality grading of every study that is part of the body of evidence surrounding an issue ([@b0245], [@b0290]). Other strategies include critical summaries of systematic reviews, along with evidence-based treatment recommendations, since these are highly condensed, easily accessible tools dentists can use to stay up-to-date with research findings ([@b0030]).

6. Evidence-based dentistry education {#s0125}
=====================================

Nowadays, dental students are expected to be not only lifelong learners but also proficient at critical thinking and EBP ([@b0475]). Indeed, the Standard 5--2 of the Commission on Dental Accreditation (CODA) ([@b0120]) states that "*Patient care must be evidence-based, integrating the best research evidence and patient values.*"

Dental educators have an important role to play in teaching EBD principles, providing communication skills to aid decision-making, promoting lifelong education, and closing the gap between academics and dental students/clinicians for implementing change, both in the classroom and on the clinic floor ([@b0060], [@b0345], [@b0395], [@b0160]). Teaching dental students EBD increases the proportion of treatments that will be evidence-based ([@b0385], [@b0150]), and it provides dentists with the skills to stay up to date long after graduation ([@b0240]).

It is important that dental educators create an environment in which students become self-directed learners applying EBD skills ([@b0160]). It has been proposed in order for an EBD approach to become the norm for practice it must be integrated throughout the educational program and reinforced every day when students are providing patient care ([Fig. 4](#f0020){ref-type="fig"}) ([@b0160]). However, it has been argued that not all dentists, including dental educators, are trained for critical appraisal of the literature, the five-step EBD process, and the use of secondary sources ([@b0350], [@b0455], [@b0160], [@b0270], [@b0310], [@b0380], [@b0365]). Critical appraisal skills (i.e. basic numeracy, electronic database searching, and the ability systematically to ask questions of a research study) are prerequisites for competence in EBD ([@b0220], [@b0330]), and dentists need to be able to apply them to everyday clinical practice ([@b0190]). Moreover, dental educators have to consider that not all dental treatment outcomes have been researched with RCTs ([@b0250], [@b0255], [@b0260]).Figure 4Flowchart of the major elements of treatment plan model for integrating EBD into dental education (adapted from [@b0160]).

7. Conclusion and recommendations {#s0130}
=================================

To the authors' knowledge, there is a lack of guidelines within dentistry regarding EBD and KT and consequently, most dental care is not based on validated research. The findings from this paper call for future development of clinical guidelines and greater EBP and KT. Many dental clinicians and educators are undertrained in critical appraisal making, the five-step EBD process, and the skilled use of secondary sources. Furthermore, many EBD-trained dental professionals are not implementing EBP due to its complex nature and their restricted time. For this reason, better access to EBD tools and time-efficient resources could be a solution for more widely applying an EBP. Therefore, online platforms for better access (affordable or open access) to EBD should be developed (e.g. <http://ebhnow.com/>) and improved in order to translate the evidence to clinic in a more rapid and efficient way (information rich but short summaries).
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